We review chemical evolution models developed for M31 as well as the abundance determinations available for this galaxy. Then we present a recent chemical evolution model for M31 including radial gas flows and galactic fountains along the disk, as well as a model for the bulge. Our models are predicting the evolution of the abundances of several chemical species such as H, He, C, N, O, Ne, Mg, Si, S, Ca and Fe. From comparison between model predictions and observations we can derive some constraints on the evolution of the disk and the bulge of M31. We reach the conclusions that Andromeda must have evolved faster than the Milky Way and inside-out, and that its bulge formed much faster than the disk on a timescale ≤0.5 Gyr. Finally, we present a study where we apply the model developed for the disk of M31 in order to study the probability of finding galactic habitable zones in this galaxy.
Introduction
ular, M31 halo stars could show an overabundance of α-elements relative to Fe, as the Galactic halo stars. Therefore, if we assume [α/Fe]=+0.3 dex for the stars in the M31 halo, we obtain that the < [M/H] >∼ −0.5dex transforms into (< [Fe/H] >∼ -1.5dex, more similar to the metallicity of Galactic halo stars. In fact, Kalirai et al. (2006) , by assuming [α/Fe]=+0.3 dex, derived a < [Fe/H] >∼ -1.5dex for red giant branch stars in the outer halo of Andromeda. It should be reminded that the chemical abundances of M31 stars are generally measured by means of color-magnitude diagrams, which are interpreted through stellar tracks computed for a given stellar metallicity Z (M). We should therefore be careful not to confuse Z with Fe, as it is still done in several papers. More recently, Koch et al. (2008) measured the [Fe/H] in the halo of M31 by means of spectroscopy (CaII triplet) and also found stars in the outermost region with [Fe/H] < −2.0 dex, thus implying that there is indeed a metal poor halo also in M31. Sarajedini & Jablonka (2005) measured the metallicity distribution function (MDF) of stars in the bulge of M31 by means of the colour -magnitude diagram, and Worthey et al. (2005) also performed imaging of 11 fields in M31 with HST, and the chosen fields sample all galactocentric radii up to 50 kpc. The metallicity distributions thus obtained show a mild negative gradient that flattens outside 20 kpc along the M31 disk. An interesting fact is that stars in the outer regions of M31 are 10 times more metal rich than the MW halo stars and the globular clusters at the same galactocentric distance. This fact was interpreted as if the disk dominates over the halo at all radii out to 50 kpc. This can mean that many studies claiming to observe the halo of M31 were in reality observing the disk and this could be an additional fact, beyond the α elements versus Fe argument, to explain the apparent difference found between the average metallicity in the halo of M31 and that of the MW. In most of these papers it has been concluded that M31 must have evolved faster than the MW with a higher efficiency of star formation. This can be expressed as a down-sizing in star formation, in analogy to what happens in elliptical galaxies (see for example Matteucci, 2012) , since M31 is more massive than our Galaxy. Most of the models suggested also a star formation efficiency decreasing with increasing galactocentric distance in order to reproduce the O abundance gradient, except Spitoni et al. (2013) who included radial gas flows in their chemical model and did not find necessary to assume a variable star formation efficiency. It is well known, in fact, that radial gas flows have the effect of steepening the gradients (see Mott et al. 2013 ).
Here, we will review the main results of some of these papers and their conclusions and try to infer the history of formation and evolution of M31. Then we will present a study aimed at exploiting a detailed chemical evolution model for M31 in order to find the galactic habitable zones (GHZ) in this galaxy (Spitoni et al. 2014 ).
Modelling chemical evolution of M31
As suggested by Renda et al. (2005) , when compared to the MW, Andromeda seems to have been more active in forming stars in the past although its current star formation rate (SFR) appears lower, since on average it has been estimated to be 1M ⊙ yr −1 (Williams 2003a,b) against an average of 2-6M ⊙ yr −1 for the solar neighbourhood (Boissier & Prantzos, 1999) , which also can represents an average value along the disk. This means that M31 evolved faster than the MW: in other words, it must have had a higher star formation efficiency and/or a shorter timescale for gas accretion relative to the MW.
The SFR, in most of the available models, is expressed by means of the Kennicutt law as :
where σ gas is the surface gas density and ν is the SFR per unit mass of gas, namely the star formation efficiency, expressed in Gyr 
where A(r) is a parameter obtained by imposing:
where σ tot (r, T G ) is the present time surface mass density profile and τ(r) is the time scale for gas accretion, which can be a function of galactocentric distance. In MW models it has been suggested (Matteucci & François, 1989; Boissier & Prantzos, 1999 ) that the disk forms inside-out and therefore it has been assumed that τ(r) is an increasing function of the galactocentric distance. The present time surface mass density is an observed quantity and either in the MW or M31 it is well described by an exponential profile with a typical scale length. The initial mass function is generally assumed to be constant in space and time and its form is either that of Scalo (1986) or Kroupa et al. (1993) . Detailed chemical evolution models relax the instantaneous recycling approximation and consider the stellar lifetimes. In this way, stellar nucleosynthesis and therefore the contributions of supernovae (SNe) of different type can be taken into account precisely. With this kind of models one can predict the evolution in space and time of the abundances of several single chemical elements in the gas.
In summary, once an IMF has been fixed, the main free parameters are the timescale of gas accretion, the efficiency of star formation and the exponent of the surface gas density in the Kennicutt law. In the following, we will present some results of chemical evolution models obtained by varying these three main parameters in order to fit the observed features of M31. model with the exception of the efficiency of star formation assumed to be ν MW = 0.1Gyr −1 , and the masses of the two disks which are 7.0 · 10 10 M ⊙ for Andromeda and 5.0 · 10 10 M ⊙ for the Milky Way. In Figure 1 we show the results of that paper which illustrate the differences between MW and M31. In particular, in this Figure  are shown the predicted and observed behaviours of the gas, the stars, the SFR, the gas fraction and the O gradient (∆ (log(O/H) + 12)) along the disks of M31 and the MW.
Results about the chemical evolution of M31
The model of Marcon-Uchida et al. (2010) assumed that the disk of M31 forms inside-out with the time scale for gas accretion varying as:
The efficiency of star formation was also assumed to vary with r as:
until it reaches a minimum value of 0.5Gyr −1 , which is kept constant for the largest radii. A threshold gas density for star formation of 5M ⊙ pc −2 (Braun et al. 2009 ) was also adopted. The surface mass density profile for the disk was taken from Geehan et al. 2010) and included galactic fountains and radial gas flows with the aim of studying the effects of these processes on the O gradient in M31. By means of a ballistic method for the galactic fountains, they found that the landing coordinate of the gas expelled above the galactic disk from SNe is no more than 1 kpc from the starting point, thus not affecting the abundance gradients along the M31 disk (see Figure 2) . They also found that including radial gas flows allowed them to reproduce very well the observed abundance gradient of oxygen without the necessity of assuming an efficiency of star formation strongly decreasing with radius or a threshold in the gas density for star formation. The existence of such a star formation threshold has, in fact, been questioned by GALEX observations (see Boissier et al. 2007 ). In Figure  3 we show the predicted O gradient for M31 compared with a large compilation of data including HII regions, young stars and SN remnants. The presence of radial gas flows derives from the assumption of the disk forming by infall of gas; in fact, the infalling gas has a lower angular momentum than that of the gas in the disk and the mixing of these two gases induces a net radial gas inflow. Chemical evolution models with radial gas flows have been discussed by several authors in the past, including Lacey & Fall (1985) , Portinari & Chiosi (2000) , Schönrich & Binney To better understand the trend in the data, we divided them into six bins as functions of the galactocentric distance. In each bin, we computed the mean value and the standard deviation for the oxygen abundance and the associated error.
(2009), Spitoni & Matteucci (2011) , but only Spitoni et al. (2013) applied the radial flow model to M31: in particular, they assumed a speed for the gas flow which is linearly increasing with decreasing galactocentric distance and it varies from 1.5 km/sec at 22 kpc down to 0.55km/sec at 2kpc.
The chemical evolution of M31 bulge
The chemical evolution of the bulge of M31, a classical bulge more massive than the bulge of the Milky Way, has been computed by Sarajedini who concluded that with the exception of the region in the inner arcsecs, the stars in the bulge of M31 are uniformly old (≥ 12 Gyr) and with an overabundance of α-elements [α/Fe]∼ +0.2 dex and solar metallicity. Sarajedini & Jablonka (2005) derived the stellar metallicity distribution function (MDF) for M31, showing a peak at around the solar metal content (Z). In particular, the peak of the MDF of M31 bulge is at a metallicity higher by 0.1 dex relative to the MDF of the bulge of the MW. In Figure 4 we report the predicted and observed MDFs for the M31 bulge; the predictions are from Ballero et al. (2007) , who claimed that a flatter IMF than Salpeter (1955) and universal IMF of Kroupa (2001) 
The GHZ in M31
Finally, we show some predictions concerning the Galactic Habitable Zone (GHZ) for the disk of M31 (Spitoni et al. 2014 ). We have assumed that the probability of forming Earth-like planets depends on the [Fe/H], the SFR and the SN rate of the studied region. In particular, we define the effective probability of finding stars with Earth-like planets that survived SN explosions as a function of the galactic radius as:
where P E (r,t) is the probability for the creation of Earth like planets and not giant planets and is a function of the Fe abundance, P SN (r,t) is the probability that a SN occurs close to the Earth-like planets and SFR(r,t) is the star formation rate. The metallicity, the star formation rate and the SN rate are those predicted by the Spitoni et al. (2013) model for M31. Therefore, the number of stars hosting Earth-like planets with possible life is given by the product of the probability of having such planets, P GHZ , multiplied by the total numer of stars formed at each radius. Figure 5 shows the predicted number of stars with habitable planets in Andromeda and the highest probability of finding them lies at 16 kpc from the center.
Conclusions
The Andromeda galaxy has an average metallicity higher than the MW but a shallower metal gradient along the disk at the present time, its bulge looks more evolved than the bulge of the MW, since it is mainly made of old stars exhibiting overabundances of α-elements relative to Fe. All of this indicates that M31 has suffered a more intense star formation and and shorter timescales for the formation of all its components, than our Galaxy. On the other hand, M31 is more massive than the MW: this fact suggests that the baryonic galactic mass (stars plus gas) is linked to the star formation rate and that a down-sizing in star formation is present also in spiral galaxies. This process can be described by simply assuming that the efficiency of star formation is a function of the galactic baryonic mass. We also estimated which galactocentric region of the Andromeda disk has the highest probability of having stars hosting habitable planets and found that this region is centered at 16 kpc from the centre. Future detailed abundance determinations will greatly help in assessing all the above mentioned points.
